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I. INTRODUCTION
There exists a gold mine of weak and hadronic physics in two-body B meson decays to the K, , and KK final states. Indeed, if one assumes unitarity of the quark mixing matrix ͓1͔, these modes contain enough information to measure all angles of the unitarity triangle ͓2͔. Methods to extract weak-sector physics from these decays are complicated by hadronic uncertainties. However, if enough final states are measured, we will have sufficient information to constrain the sizes of hadronic amplitudes and strong phases, a necessity in disentangling the unitarity angles from measurements of flavor asymmetries and the relative size of the partial widths among these modes ͓3-10͔.
We have previously reported measurements of, or limits on, the branching fractions of B mesons to the K, , and KK final states excluding the 0 0 and K 0 K 0 final states ͓11͔ as well as a search for charge asymmetries in the flavorspecific K final states ͓12͔, based on a data sample of 11.1 million BB events. The results presented here include the previous data and supersede all previous results. Similar studies have been performed by other experiments ͓13-20͔.
Here, we present measurements of, or limits on, the branching fractions of B mesons to the K, , and KK final states including all combinations of charged and neutral kaons and pions. We refer to these final states collectively as B→hh, including charge conjugate states unless explicitly stated. For final states where the charge of the kaon or pion specifies the flavor of the parent B meson, known as flavorspecific final states, we present limits on the partial-rate asymmetries defined as
where B represents either a B 0 or B ϩ meson, f represents a flavor-specific final state, and B and f are their conjugates.
II. APPARATUS AND DATA SET
The analysis is based on data taken by the Belle detector ͓21͔ at the KEKB e ϩ e Ϫ storage ring ͓22͔. The data set consists of 29.1 fb Ϫ1 on the ⌼(4S) resonance corresponding to 31.7Ϯ0.3 million BB events. An off-resonance data set of 4.4 fb Ϫ1 was taken 60 MeV below the ⌼(4S) resonance to perform systematic studies of the continuum e ϩ e Ϫ →qq background where q is either a u, d, s, or c quark. The num-*On leave from Nova Gorica Polytechnic, Slovenia.
ber of BB events is determined by subtracting the number of events in the scaled off-resonance data set from the onresonance data set. The scale factor is derived from the ratio of on-resonance to off-resonance integrated luminosities, and is determined using Bhabha and dimuon events. KEKB collides 8 GeV electrons and 3.5 GeV positrons that are stored in separate rings, producing an ⌼(4S) system that is boosted by ␥␤ϭ0.425 along the beam axis. In this analysis, all variables are calculated in the center-of-mass frame of the electron and positron beams unless explicitly stated.
The Belle detector is a general purpose magnetic spectrometer with a 1.5 T axial magnetic field. Charged tracks are reconstructed using a 50 layer central drift chamber ͑CDC͒ and a 3 layer double-sided Silicon vertex detector ͑SVD͒. Candidate electrons and photons are identified using an 8736 crystal CsI(Tl) calorimeter ͑ECL͒ inside the magnet. Muon and K L 0 candidates are identified using resistive plate chambers embedded in the iron magnetic flux return ͑KLM͒. Hadron and auxiliary lepton identification is provided by an array of 1188 Silica aerogel Č erenkov threshold counters ͑ACC͒ and a barrel of 128 time-of-flight ͑TOF͒ plastic scintillator modules.
III. EVENT RECONSTRUCTION
Event triggers are based on fast signals from the CDC, ECL, TOF, and KLM ͓21͔. Hadronic events are selected using event multiplicity and total energy variables ͓23͔. For signal events that pass all B→hh selection criteria, the triggering and hadronic event selection efficiencies range from 99% for B Charged and K mesons are identified by their energy loss (dE/dx) in the CDC and their Č erenkov light yield in the ACC. For each hypothesis (K or ), the dE/dx and ACC probability density functions are combined to form likelihoods, L K and L . K and mesons are distinguished by a cut on the likelihood ratio L K /(L K ϩL ). A similar likelihood ratio including calorimeter information is used to identify electrons. All charged tracks that have impact parameters within 5 cm along the beam axis and 0.1 cm in the rplane, and are not positively identified as electrons, are considered as kaon or pion candidates.
Candidate K S 0 mesons are reconstructed using pairs of oppositely charged tracks that have an invariant mass in the range 480 MeVϽm( ϩ Ϫ )Ͻ516 MeV ͓24͔. The daughter pions are required to have impact parameters in the rplane greater than 0.02 cm and impact parameters along the beam axis within 2.4 cm of each other. The K S 0 perpendicular flight length is required to be greater than 0.22 cm and the reconstructed K S 0 momentum vector must be aligned within 30 mrad of the vector between the interaction point and the K S 0 decay vertex. The momentum of K S 0 candidates passing these requirements is re-determined with the kinematic constraint that the two daughter pions originate from the same point.
Candidate 0 mesons are formed from pairs of photons with an invariant mass in the range 114 MeVϽm(␥␥) Ͻ150 MeV and E ␥(lab) Ͼ70 MeV. The ϩ Ϫ and ␥␥ mass spectra are shown in Fig. 1 Continuum background is reduced using event shape variables. We quantify the event topology with modified FoxWolfram moments ͓25͔ defined as
where i enumerates B signal candidate particles (s particles͒ and j and k enumerate the remaining particles in the event (o particles͒; p i is the ith particle's momentum, and P l (cos ij ) is the lth Legendre polynomial of the angle i j between particles i and j. The h l so terms contain information on the correlation between the B candidate direction and the direction of the rest of the event. The odd h l oo terms partially reconstruct the kinematics of the other B in the event while the even terms quantify the sphericity of the other side of the event. We create a six-variable Fisher discriminant called the super Fox-Wolfram defined as These variables are shown in Fig. 2 . The signal probability density functions ͑PDF͒ are derived from Monte Carlo ͑MC͒ simulations; the continuum PDFs are taken from sideband data discussed below. The SFW PDFs are modeled as the sum of a simple Gaussian and an asymmetric Gaussian ͓26͔ for both signal and continuum; the cos B PDF is modeled as a second-order polynomial for signal and is flat for continuum. We make separate requirements on LR for each mode depending on the expected background determined using sideband data. As an example, Fig. 2 shows the B 0 →K ϩ Ϫ data sample before and after imposing the LR Ͼ0.8 requirement.
Table I lists the reconstruction, particle identification, and continuum suppression efficiencies for each final state ͓27͔. The reconstruction and continuum suppression efficiencies are determined using a GEANT-based MC program ͓28͔. The error in the reconstruction efficiencies are determined by embedding MC program generated particles into hadronic event data and comparing the efficiencies between the embedded events and the default MC and also by measuring the relative yields of D decays to various final states. The charged track, 0 , and K S 0 selection criteria efficiencies are tested by measuring the D event yields before and after each cut is applied. Further comparisons are made between kinematic distributions of particles in sideband data ͑discussed below͒ and continuum MC events. Based on the results of these studies, we assign a relative systematic error in the reconstruction efficiencies of 2.5% for charged tracks, 6.3% for K S 0 mesons and 7.3% for 0 mesons. The relative systematic error associated with the continuum suppression cut is 4% which is determined by taking the ratio of B ϩ →D 0 ϩ yields in data after and before continuum suppression is applied and comparing to the MC efficiency. The B 0 → 0 0 final state includes an additional relative systematic error of 10% to account for difficulties in triggering and hadronic event selection for this mode.
A critical feature of the analysis is the measurement of the particle identification efficiency and fake rate. These are determined using nearly pure samples of K and mesons tagged using the continuum D* ϩ decay chain D* Figure 3 shows the K Ϫ ϩ invariant mass distributions before and after applying PID cuts. For tracks in the B→hh signal region of 2.4 GeVϽp Ͻ2.8 GeV ͑1.5 GeV Ͻp lab Ͻ4.5 GeV) the K efficiency and fake rate are ⑀ K ϭ0.86 and f K ϭ0.086 ͑true K fakes ); the efficiency and fake rate are ⑀ ϭ0.88 and f ϭ0.071 ͑true fakes K). The relative systematic errors are 2% in the efficiencies and 4% in the fake rates. These errors are dominated by uncertainties in sample purity. Figure 3 also of the B candidate in the center of mass frame. These are shown in Fig. 4 for B 0(ϩ) →K ϩ Ϫ(0) and ϩ Ϫ(0) MC events. Modes containing 0 s have a tail extending into the negative ⌬E region due to shower leakage out of the back of the calorimeter and photon interactions with the material in front of the calorimeter. We calculate the energy of final state charged particles using a pion mass assumption. This shifts ⌬E by Ϫ45 MeV for each charged kaon in the final state. The signal yields are extracted by a binned maximumlikelihood fit to the ⌬E distribution in the region 5.271 Ͻm bc Ͻ5.289 GeV (m bc Ͼ5.270 GeV for modes containing 0 s) and Ϫ300 MeV Ͻ⌬EϽ500 MeV. The yields are verified by fitting m bc in the ⌬E signal region. A sideband region of 5.2 GeVϽm bc Ͻ5.26 GeV is used to study the continuum background in the ⌬E distribution, while a sideband of 150 MeV Ͻ⌬EϽ500 MeV is used to study the continuum background in the m bc distribution.
The ⌬E fits include four components: signal, crossfeed from other misidentified B→hh decays, continuum background, and backgrounds from multibody and radiative charmless B decays. These are shown in Fig. 4 . The crossfeed component is shifted from the signal component by 45 MeV as described above. The charmless B decay background is dominated by events where the B meson decays to an hh final state such as or f 0 (980)K where one pion is not reconstructed. This shifts the charmless B background by at least the mass of the missing pion. We expect no backgrounds from b→c decays based on a large MC sample.
For charged particle final states, the ⌬E signal is modeled with a Gaussian. For modes containing 0 s, the signal is modeled as the sum of a primary Gaussian and a secondary asymmetric Gaussian ͓26͔. The mean positions of the two are equal and the ϩ⌬E of the asymmetric Gaussian is constrained to equal the of the primary Gaussian. The crossfeed component has an equal shape, shifted by 45 MeV for each misidentified particle.
The Gaussian is 22 MeV for ϩ Ϫ . The positive is 39 MeV for ϩ 0 while the average negative is 78 MeV. The continuum background is modeled with a secondorder polynomial with coefficients determined from sideband data. Figure 7 demonstrates the validity of this method by comparing the continuum ⌬E background shape in onresonance m bc sideband data to the shape in the m bc signal region in the off-resonance data sample. Backgrounds from charmless B decays are modeled by a smoothed MC histogram.
For all final states except K ϩ 0 and ϩ 0 , the normalizations of the four components are the only free parameters in the fits. The significance of the signal yield above background is determined by refitting the ⌬E distribution without a signal component and comparing the maximum likelihoods of the two fits. Due to the large overlap of the signal and crossfeed components in the K ϩ 0 and ϩ 0 signals, we perform a simultaneous fit to the K ϩ 0 and ϩ 0 ⌬E distributions constraining the crossfeed to the expected values based on the PID fake rates.
The m bc distribution provides no discrimination among the three B decay components. The sum of the three components is modeled with the same functional form as the ⌬E signal shapes discussed above with values on the order of 2.7 MeV. We parametrize the continuum background with a function that behaves like phase space near the endpoint ͑the ARGUS shape ͓29͔͒.
V. RESULTS
Figures 8, 9, and 10 show the ⌬E and m bc distributions for the K, and KK final states, respectively. The ⌬E signal yields and the significance above background are listed in Table II ͓30͔. Using these results and the efficiencies listed in Table I , we derive the branching fractions listed in Table II based on the data sample of 31.7 million BB events ͓31͔. In all cases, the m bc fits give consistent results. The systematic error in the fitting procedure is determined by varying the parameters of the fitting functions within their errors and measuring the change in the signal yield. The deviations from the nominal yields are typically 1 to 2 events. These deviations, along with the error in the efficiencies and N(BB ) (1%) are added in quadrature to give the systematic error in the branching fractions. For modes with significance below 3 ͓32͔, we report 90% confidence level upper limits ͓33͔ calculated with the efficiency and N(BB ) reduced by their systematic errors.
For the K ϩ 0 / ϩ 0 simultaneous fit, we refit the distributions after removing the constraints. The central values of the signal yields differ by at most 2.3 events. These deviations are also included in the systematic error.
The effects of backgrounds from charmless B decays can be demonstrated by refitting the ⌬E distributions in the region ⌬EϾϪ130 MeV without a charmless B background component. For modes with 0 s in the final state, the yields deviate by as much as 12%, clearly indicating the need for these components in the fit. There is almost no deviation in the yields of final states that do not include a 0 . In each fit, the measured charmless B background yield agrees with the expected values based on independent measurements of these modes. However, the errors on the fitted yields and the expected values are both large.
In Table III , we list ratios of partial widths among the K and modes ͓31͔. The correlations between the numerator and denominator are included in the systematic error calculation. The systematic error includes a 2.5% fractional error from the ratio of charged to neutral B meson lifetimes where we have used ϩ / 0 ϭ1.091Ϯ0.027 ͓34͔ to convert the ratio of branching fractions to the ratio of partial widths.
We measure partial-rate asymmetries in all measured flavor-specific modes. The ⌬E distributions are shown separately for B and B modes for the K ϯ Ϯ , K Ϯ 0 , and ϯ 0 final states in Fig. 11 . Figure 12 shows the corresponding distributions for the K S 0 ϯ final states. The fitting results and partial-rate asymmetries are listed in Table IV . Here, the 90% confidence intervals assume Gaussian statistics and are expanded linearly by the systematic error. The systematic errors are dominated by fitting systematics but also include a 1% contribution, added in quadrature, to account for possible detector-based asymmetries, as discussed below. In the K ϯ Ϯ final states, the asymmetry is corrected by a dilution factor of 0.984Ϯ0.001, due to double misidentification of K ϩ Ϫ as K Ϫ ϩ . Four samples are used to verify the symmetric performance of the Belle detector for high momentum particles. An inclusive sample of tracks in the two-body decay momentum bin 2.4 GeVϽpϽ2.85 GeV is used for tracking efficiency tests before and after PID cuts are applied. Events in m bc sideband data further test the reconstruction efficiency along with the continuum suppression cut efficiency. We also check the difference between inclusive high momentum D 0(ϩ) →K Ϫ ϩ , K S 0 ϩ , and K Ϫ ϩ 0 decays and their charge conjugates that test for asymmetries in the detector resolution. The entire reconstruction procedure is applied to the B→D ϯ ; D→K ϯ Ϯ , K S 0 ϯ , and K ϯ Ϯ 0 data samples. The results are listed in Table V . The inclusive track sample yields an asymmetry in the track reconstruction efficiency of
Ϫ3 . Considering the statistical precision of the current data set, we ignore this very small asymmetry. We also see a 1. All other mass and width parameters are consistent within the errors between the two flavors for the three D decay channels. Figure 13 shows the samples most relevant to the B ϯ →K S 0 ϯ final states. With the exception of the inclusive track sample, all are consistent with zero asymmetry within the error and we conclude that detector based asymmetries are below 1%.
VI. DISCUSSION AND CONCLUSIONS
We have presented measurements of the branching fractions of all B→K final states and the B→ ϩ Ϫ and ϩ 0 final states. We see no significant evidence for the 
for an asymmetry until a larger data sample is collected. The partial width ratios
are significantly below 1. This could be an indication of large destructive interference between tree and penguin amplitudes for the B 0 → ϩ Ϫ decay although theoretical uncertainties pertaining to the relative sizes of the interfering amplitudes are still large ͓4 -6͔. We note that a more statistically significant examination of the ratios of neutral to charged partial widths such as ⌫(K ϩ Ϫ )/⌫(K 0 ϩ ), will require an improved measurement of the charged to neutral B meson pair production ratio at the ⌼(4S). This ratio is currently only known to 7% ͓35͔. 
